testing than generics to ensure comparability because of the intricacy and variability inherent in their production. The Patient Protection and Affordable Care Act, which passed in March of 2010, began the process of defining the evidentiary requirements for approval of these agents, amending the PHSA to allow for an abbreviated process. It authorized the FDA to define the approval procedure; however, the specifics are not yet finalized. The legislation states that no clinically meaningful differences can exist between a biosimilar and its predecessor, but whether they are required to show comparability or true interchangeability remains to be seen. Although comparability could be proven by showing that the innovator and follow-on have no clinically significant differences, interchangeability was defined stringently under the Hatch-Waxman legislation as requiring that the new agent provide the same clinical result in any given patient. Clearly this is a high bar. After significant discussion, the innovator biologics were granted 12 years of data exclusivity before a biosimilar could be introduced to the market, which is meant to ensure appropriate economic incentives for continued research and development by industry.
In finalizing the FDA pathway, patient safety must take priority. The EU, Canada, and Japan have all implemented biosimilar legislation, which can be used as a blueprint. 6, 7 The production process of each
Learning Objectives
Upon completion of this activity, participants will be able to:
• Describe current regulation of biologic agents • Analyze the system for the approval of biosimilars in Europe • Evaluate the potential economic impact of biosimilars • Distinguish the most promising system for monitoring the quality of biosimilars
Background on Biosimilars
As the name implies, biologics encompass a range of medicinal products that are manufactured via biologic pathways instead of chemical synthesis. 1 Unlike small molecules, which are chemically synthesized and can be reliably replicated, biologics are produced using living cell cultures in which even small variations can change the efficacy, immunogenicity, and toxicity of the final product. [2] [3] [4] Cancer treatment is the leading indication for biologics, with monoclonal antibodies alone accounting for $18.2 billion in sales in 2009. 5 When agents used in supportive care are included, 6 of the top 10 biologics according to revenue are used in oncology (Table 1) . 5 Traditionally, biologics have been approved under the Public Health Service Act (PHSA), whereas generics were approved under the Federal Food, Drug, and Cosmetic Act (FDCA). Under the PHSA, biologic license applications require significant preclinical and clinical data to prove safety, quality, and efficacy. Unlike the FDCA, the PHSA does not have an abbreviated process for approving follow-on agents. However, as patents on biologics expire, competing companies are planning to introduce new formulations of these previously introduced therapeutic proteins. These agents, referred to by several names, including biosimilars, biogenerics, follow-on biologics, and subsequent-entry biologics, will enter the United States market with patent expirations over the next few years, as they did in Europe in 2007.
Biosimilars will need more extensive clinical The ideal pathway would allow a host of new entrants to enter the market with adequate demonstration of safety, efficacy, and competitive pricing, all while maintaining incentives for continued innovation. Whether this can be realized is hotly debated. Estimates suggest that bringing a biosimilar to market will cost between $10 and $40 million and take 6 to 9 years, compared with the $1 to $2 million price tag and 3-year time-frame for generics. 9, 10 In light of the clinical and economic implications, the risks and benefits must be carefully weighed so that clinicians can make informed decisions about biosimilars when they enter the market.
Comparability
Before marketing, generics must prove bioequivalence by showing that the active substance and characteristics of an agent are similar to its predecessor. 11 For example, the pharmacokinetic range of a generic must be between 80% and 125% of the original. Large-scale clinical trials are often unnecessary because of the consistency with which generics can be reproduced. 12, 13 This differs from biosimilars, because factors such as pharmacokinetic equivalence are inadequate to ensure comparability. Manufacturers of biosimilars do not have access to the process through which the initial innovator is produced, making it impossible to replicate exactly. In addition, reliance on cell cultures and the manipulation of genetic material introduces variability into the process. Variations in development can lead to significant differences in isoforms, three-dimensional structures, glycosylation, and other important molecular characteristics. [14] [15] [16] Although some variations are unlikely to be clinically meaningful, others may affect the immunogenicity or other clinically critical attribute of a drug.
Some leniency is already allowed, with innovators able to make small manufacturing changes without requiring further clinical testing, and the production process of agents may result in drift over time. 17 Episodes of pure red cell aplasia (PRCA) related to anti-erythropoietin antibodies brought attention to this topic in the late 1990s.
18,19 Eprex (Ortho-Biotech) was an epoetin alfa marketed outside the United States. In 1998, the formulation was altered to exclude albumin from production because of concerns about prion transmission. In addition, the company began using rubber stoppers to cap prefilled syringes at that time. During the next 5 years, more than 200 cases of PRCA were seen in renal patients receiving Eprex. The specific reason for the antibody production is still debated, but after the formulation and production changes were readdressed, episodes of PRCA no longer occurred. This history speaks to the impact of seemingly small changes to the production process.
More extensive clinical trials will be required for biosimilars. One critical question is whether noninferiority trials, which attempt to show that an agent is as efficacious and safe as the innovator product, will be adequate or whether equivalence studies will be required. Demonstration of superiority in a noninferiority trial could represent a lack of comparability, because consistent formulations should not result in improved outcomes. Findings of superiority could require further testing. Although equivalence studies require more patients, this design would increase the likelihood of approval if the results fall within the prespecified range. Other aspects of trial design are also being debated. Crossover studies have been advocated in which patients switch between innovators and biosimilars midway through the trial, attempting to prove that the outcomes are similar and the agents are truly interchangeable. Crossover studies would likely increase the complexity and cost of trials because of the infrastructure needed to implement the trial design and may decrease accrual.
Another point of contention is whether clinical data proving the equivalence of a biosimilar for a given indication can be extrapolated to other diseases or indications. For instance, would data showing the equivalence of a biosimilar to bevacizumab in colorectal cancer be adequate to allow its introduction in other cancer types? It has been suggested that, as long as the mechanisms are similar, a single among products. For instance, randomized controlled trials of patients undergoing treatment were needed to evaluate epoetin biosimilars, whereas preclinical data coupled with studies of healthy volunteers were adequate for the introduction of insulin products.
In the EU, after a given indication is approved, regulation states that "the efficacy and safety of the biosimilar medicine may also have to be assessed using specific tests or studies for each disease." 25 However, this has not been consistently enforced, because biosimilars are often marketed across the same disease states as the original product without further trials. To help address concerns raised by the limited clinical experience before marketing, companies must submit a risk management program that includes pharmacovigilance and surveillance studies to ensure all of the safety signals are seen. 20 Biosimilars have already been introduced in Europe, a few of which are used in oncology (Table 2) . 26 All monoclonal antibodies are still under patent protection, but they are nearing expiration in Europe. In light of this, the EMEA is in the process of updating its guidelines to outline specific requirements for these agents, because they are more complex than those introduced previously. 27 The stringency of the process in the EU led to application withdrawals for 3 insulin products from Marvel Life Sciences (Harrow, UK) because of concerns regarding comparability to Humulin, and the rejection of 2 interferon agents (Alpheon and Biferonex, Biopartners, Cologne, Germany) because of concerns about the quality and efficacy of the products compared with the originator. 28, 29 approval will be adequate. However, in oncology, agents often target more than one pathway, and the mechanism with the greatest relevance to a specific disease can be unclear. The European experience provides insight into how these concerns are being addressed.
European Experience
The Figure 1 , which have been used to introduce more than a dozen agents to the market. 6, 7, 20 According to the guidances, approval is a stepwise process, beginning with preclinical studies of pharmacokinetics and pharmacodynamic data, followed by clinical trial enrollment, making it similar to the approval process for traditional biologics. 20 The difference lies in the type and amount of clinical data generation that is required. Under the legislation, biosimilars must be shown to be of a "similar nature, in terms of quality, safety and efficacy" when compared with the innovator. 6 A uniform approval process was not possible because of variations in end points and surrogate markers of response that are specific to a given drug or disease. The areas of consistency across treatments include the need to show appropriate quality, purity, and comparability of in vitro and in vivo pharmacokinetic and pharmacodynamic data. 6, 7, 19 Class guidances have also been released, as shown in Figure 1 , detailing the additional needs for specifics agents, such as granulocyte colony-simulating factor, erythropoietin, and insulin. [21] [22] [23] [24] The requirements differ significantly 
Patent Protection
Although issues related to patent protection and data exclusivity were previously at the center of the debate on biologics, it was addressed with the passage of health reform legislation in the United States. Biopharmaceuticals were granted 12 years of data exclusivity, based largely on the work of Henry Grabowski at Duke University. He calculated that it takes between 12.9 and 16.2 years for a company to recoup its initial investment in a biologic, per the breakeven analysis shown in Figure 2 . 30 Because of the complexity of biologics, access to the initial clinical data on an agent is critical to achieve expedited approval for a follow-on agent, even after patent expiration. Patents do not allow consistent periods of protection as they are pursued before clinical trial enrollment. Particularly long and involved clinical trials for biologics can lead to shortened protection after approval, because a larger portion of the patent time may have expired. This contrasts with data exclusivity, which begins at FDA approval, guaranteeing 12 years of security on the market. Decisions regarding data exclusivity were meant to encourage investment and innovation by ensuring adequate returns on investment. This was firmly opposed by several patient rights groups and biosimilar producers but made it into the final law.
Economics of Biosimilars
The market for biosimilars in Europe differs from that for generics. There has been limited entry, adoption, and price influence because of the increased fixed costs of entry and the expense of production. Within 2 years of launch, biosimilar erythropoietins gained only 35% of the market, as opposed to the 90% substitution rate that generics can achieve in the first year. 31 Because of the complexity of production, biosimilars are unlikely to achieve the price discounts of generics. Most experts estimate that they will likely be marketed at a 20% to 30% discount to the original products, whereas generics can achieve 75% discount rates. However, even a 20% discount on the $66 billion spent in 2009 on the top 20 biologics is substantial. 5 An analysis by the European Generic Medicines Agency in 2009 estimated that biosimilars generated €1.4 billion in savings in the EU that year. 32 A separate evaluation estimated that a 20% discount on just 5 off-patent biologics would average €1.6 billion in yearly savings in the EU. 33 Although yet to be seen, the U.S. Congressional Budget Office estimates that, once approved, biosimilars will save consumers an aggregate of $25 billion per decade.
The increase in potential profits will encourage companies to enter the market as patents expire in The myeloid growth factors were among the initial biosimilars introduced in Europe, providing an excellent example of the strengths and weaknesses of the field. These agents are administered subcutaneously, starting 1 to 3 days after completion of cytotoxic therapy to reduce the severity and duration of neutropenia and the risk of febrile neutropenia. 35 Several formulations of myeloid growth factors are on the market, yet many clinicians do not consider them interchangeable. Filgrastim, pegfilgrastim, and lenograstim differ in numerous ways, including their biologic characteristics, approved indications, and market share. 36 For instance, filgrastim has been shown to achieve faster recovery from neutropenia versus lenograstim, whereas lenograstim use was shown to result in increased stem cell production. 37, 38 Lenograstim is available in several countries but not in the United States. In addition, comparative studies between filgrastim and pegfilgrastim have shown differences. 39, 40 Filgrastim use has decreased with the introduction of pegfilgrastim, which is associated with the greater convenience of once-per-cycle dosing.
The successful introduction of biosimilars into this space will require adequate price differentiation to overcome the convenience of longer-acting formulations that will remain under patient protection. More importantly, to overcome any hesitancy among the United States. North America accounted for 39.8% of worldwide pharmaceutical sales in 2009, whereas Europe was close behind at 30.6%. 34 With both markets open to biosimilars, the economics of entry become much more convincing as the profit potential more than doubles. The first monoclonal antibody biosimilar is expected to be rituximab. Teva Pharmaceuticals has announced that it has an agent ready to begin clinical trials in anticipation of its patent expiration in Europe as of 2013. 34 How quickly and to what extent providers and hospitals will embrace biosimilars is unclear. Pharmacy and Therapeutics Committees will have a significant financial incentive to integrate biosimilars into their formularies as long as adequate safety and comparability data are available. Because hospitals are often paid a flat fee for care under the Medicare and Medicaid programs, decreased spending on biologics means significant potential savings. Community oncologists may embrace biosimilars as long as the financial incentives are aligned appropriately. However, comfort and lengthy experience with innovator molecules may influence decisions in clinical practice. Nevertheless, the economic motivations encouraging clinicians to use one agent over another should be minimized, allowing them to choose the agent they feel is best for a patient and the clinical community. clinicians about the efficacy and safety of biosimilars, the new agent must have adequate clinical data showing comparability to the established agents in reducing the risk of severe febrile neutropenia.
In anticipation of access to the United States market, Hospira has pursued multiple studies comparing its biosimilar filgrastim (Nivestim) with Amgen's agent (Neupogen). Waller et al. [41] [42] [43] published multiple studies in 2010 comparing the two, including a phase I study showing similar pharmacokinetic data between the agents, a phase I crossover study showing similar pharmacodynamic properties, and a phase III trial of 250 patients showing similar safety profiles and clinical end points, including duration of severe neutropenia, incidence of febrile neutropenia, and time to absolute neutrophil recovery. Another study compared the molecular characteristics, purity, and biologic activity of the agents in vivo, again showing similar profiles. 44 This level of evidence is encouraging but insufficient to judge actual noninferiority. Therefore, until the FDA process is fully defined, the adequacy of these studies will remain unclear, as will the role of pharmacovigilance.
Future Directions and Pharmacovigilance
Steven Kozlowski, director of the Office of Biotechnology Products at the FDA, stated at a congressional hearing in 2009 that better analytic tools are needed to characterize critical aspects of biosimilars in vivo before the process can be trusted. 17 Over time, it is anticipated that new laboratory techniques will be introduced which permit adequate in vivo comparisons of biologics and biosimilars. Retacrit is often used as an example as to why clinical testing is necessary. When the agent was being tested, preliminary bioequivalence data showed variations in potency between batches of the biosimilar and innovator products, and initial testing did not adequately establish the parameters of the biologics. 45 The biggest concerns relating to comparability revolve around immunogenicity and potency.
One of the critical pieces of the puzzle will likely be pharmacovigilance. Although comparability can be shown with smaller trials, achieving adequate sample size requirements to assess the adverse event profile, including the immunogenicity of an agent, is unlikely. The biggest concern is that changes in the production process could alter the immune response of patients to follow on agents, which would not be seen in a few hundred patients. In the EU, postmarketing studies help address this shortcoming and will be necessary in the United States also. A 2008 Food and Drug Law Journal article by DiMartino et al. 46 discusses several ways in which pharmacovigilance could be implemented in the United States. However, these would each take significant investment and initiative. The most promising strategy uses Medicare claims data. If modifications are made, the hope is that an "early warning system" could be implemented to detect and report events, allowing earlier introduction of agents because adverse events could be seen and addressed. The implementation of electronic health records may help make this a reality.
Several unanswered questions remain for biosimilars and their approval in the United States. What will the details of the approval process entail? Is adequate pharmacovigilance possible? How robust will the cost savings actually be? What degree of interchangeability will be required? Despite these uncertainties, the entry of biosimilars into the United States is a certainty, and clinicians must begin to understand when and how to use them. Their entry will present both opportunities and responsibilities. The pressure to reduce health care costs in the United States is steadily growing. However, biosimilars will be routinely used only when clinicians are convinced of their safety and efficacy. This will be a difficult but essential balance to achieve moving forward.
